INTRODUCTION
The aims of existing case definitions of influenza, proposed by the Centres for Disease Control and Prevention (CDC), the European Centre for Disease Prevention and Control (ECDC), and the World Health Organization (WHO) are for timely detection of the start and duration of the influenza season in order to monitor changes in the antigenicity of influenza viruses and provide guidelines for influenza vaccine policies. Early detection of circulating influenza strains in terms of clinical signs and symptoms is useful for clinicians in order to support the clinical decision and improve patients' management. Due to the lack of specificity of influenza symptoms, co-infection and co-circulation of other respiratory viruses, improving the current case definitions of influenza remains a significant public health challenge [1] . The optimal case definition should be applicable every year, despite seasonal variations, in all medical settings (outpatient and inpatient medical facilities) [2] .
Influenza is usually a self-limiting infection, but it can exacerbate underlying medical conditions (chronic diseases, weakened immune system), and present with primary influenza viral pneumonia or lead to secondary bacterial pneumonia, or can occur as part of a co-infection with other pathogens [3, 4, 5] . Although all humans can be affected by an influenza virus, clinical presentation of illness differs depending on the virus type-, subtype-and strain-specific properties as well as on the immunological and physiological characteristics of patient influenced by several factors such as age, chronic medical conditions, and pregnancy [6] .
The main goal of this study was to analyze the utility of clinical case definition of Influenza Like Illness (ILI), Severe Acute Respiratory Illness (SARI) and Acute Respiratory Distress Syndrome (ARDS) to predict laboratory-confirmed influenza in outpatient and inpatient medical settings. Also, the comparison of the age distribution of virus types and subtypes for the seven influenza seasons was made.
METHODS
In Vojvodina -the northern region of Serbia with 1,931,809 inhabitants (26.9% of the total Serbian population according to the 2011 Census) the surveillance of influenza is coordinated by the Institute of Public Health (IPH) of Vojvodina. As described in detail previously, data for this observational surveillance study were obtained from the sentinel (outpatients) and hospital (patients hospitalized at secondary or tertiary health care level) surveillance of influenza in Vojvodina [7, 8] . Data have been collected from October 1, 2010 to May 20, 2017 (seven influenza seasons) and entered into the database maintained by the Centre for Disease Control and Prevention, IPH of Vojvodina. We included participants who fulfilled the criteria for clinical case definitions of ILI and SARI, and those who met the American European Consensus Conference criteria for ARDS [9, 10] . The study was done in accordance with standards of the institutional committee on ethics.
Depending on the health care levels (outpatient or inpatient settings) across Vojvodina where the patients comprised, general practitioners and pediatricians, as well as the specialists in internal medicine, infectious disease and respiratory disease interviewed the patients. Demographic, clinical, and physical examination data were obtained from patients suspected of having acute influenza through face-toface structured interviews, using a structured questionnaire.
Virological surveillance of influenza was conducted during the whole study period, from calendar week 40 of each year to calendar week 20 of the next year. Nasal and throat swabs samples were tested in the WHO National Influenza Centre, at the Centre of Virology of the IPH of Vojvodina in Novi Sad [11] . A real-time reverse transcription polymerase chain reaction (real-time RT PCR) assays were used for the detection of influenza virus types A and B and influenza A virus subtypes A(H1N1)pdm09 and A(H3N2) [12] .
Statistical analysis
For categorical data, Fisher's exact test or χ 2 test were used where appropriate. Both univariate and multivariate analyses were stratified according to three case definitions of influenza. Differences in age, between the participants with laboratory-confirmed influenza and those without laboratory confirmation, for the three clinical case definitions, were compared by odds ratio (OR) with 95% confidence intervals (95% CI). To control for possible confounding variables, the adjusted OR was calculated using logistic regression, including sex and calendar month of symptom onset. A surveillance period was divided into an epidemic period with high influenza activity (December, January, February, and March) and a period of low influenza activity (October, November, April, and May).
The diagnostic value of the case definitions (ILI, SARI, ARDS) during the epidemic period was measured using sensitivity, specificity, and area under curve (AUC) with 95% confidence intervals. The sensitivity was defined as the probability of having the case definition in a case of laboratory-confirmed influenza, while the specificity was defined as the probability of not having the case definition when the patient did not have laboratory-confirmed influenza infection. The AUC, as a global measure of algorithm performance for the identification of laboratory-confirmed influenza patients, takes both sensitivity and specificity into account.
Validation of proposed case definitions during the epidemic period was stratified by age group (0-4, 5-14, 15-29, 30-64, ≥ 65 years).
A p value below 0.05 was considered significant. Statistical analysis was done using the SPSS Statistics software Version 21.0 (IBM Corp., Armonk, NY, USA).
RESULTS
During the study period, 2,937 specimens from patients with ILI, SARI, or ARDS, were tested for influenza, and 1,427 samples were identified as influenza type A or B positive (48.6%). Among study participants, 53.7% (1,576/2,937) were males. The median age of all cases was 43 years (IQR: 15-62 years), and decreasing to 37 years (IQR: 10-60 years) among laboratory-confirmed influenza.
Observed by clinical diagnosis, the majority of participants had the SARI clinical diagnosis (56.7%; 1,665/2,937). Out of total number of participants, 2,477 (84.3%) cases were registered in the four-month period (from December to March), with the highest detection rate in February (30.1%; 429/1,427) ( Table 1) . Comparing different influenza virus types and subtypes, there were few significant differences among groups of patients with distinct clinical case definitions of influenza stratified by age. In patients aged 15-29, influenza type A (H3N2) virus was more frequently registered among patients with ILI (54.9% vs. 34.2%, p = 0.040), and less frequently in patients with SARI (39.4% vs. 65.8%, p = 0.009) compared with influenza type B virus. Among patients aged 30-64 years with ARDS, an influenza B was more common than influenza A (H3N2) (13.4% vs. 6.2%, p = 0.032), but less common in comparison with an influenza A (H1N1) pdm09 (13.4% vs. 25.7%, p = 0.017). No significant differences were detected among patients with different clinical case definitions of influenza regarding the frequency of influenza virus types and subtypes in the remaining age groups ( Table 2) .
Univariate and multivariate logistic regression analyses were performed in order to identify predictor values of proposed clinical case definitions for the entire study period. When three clinical case definitions of influenza were classified and compared with the youngest age group (0-4 years), the SARI case definition of influenza was associated with the increasing probability of having influenza for all age group, while the ILI case definition was a useful diagnostic predictor of laboratory-confirmed influenza in patients aged 5-14 (p < 0.05). The influenza positive cases with ARDS were registered only among participants aged 15 and older, but the ARDS case definition had a poor diagnostic value for detecting influenza virus infection (p > 0.05) ( Table 3) .
When the performance of case definitions was tested only in the epidemic period, the ILI case definition had the highest accuracy in those aged 5-14 years (AUC = 0.733; 95% CI: 0.704-0.764); the SARI and ARDS case definitions had the highest AUC values among the 15-29-year-olds (AUC = 0.565; 95% CI: 0.504-0.615 and AUC = 0.708; 95% CI: 0.489-0.708, respectively). The ILI case definition showed a high sensitivity value (above 90%) for all age groups, with the highest sensitivity among the youngest age group (95.4%). The sensitivity values of SARI case definition ranged 81.3-95.2% between different age groups, with a total sensitivity value of 89.3%. During the epidemic period, the ARDS case definition had the maximum sensitivity value (100%) in patients aged 15-29 years. Total specificity values of ILI and SARI case definitions were 15% and 19.8%, while the ARDS had a specificity value of 43.4% (Table 4 ).
DISCUSSION
To the best of our knowledge, this is the first study on the evaluation of influenza case definitions (ILI, SARI, and ARDS) conducted through the sentinel and hospital-based surveillance systems in our country. As the main advantage of our study, we conducted the most comprehensive effort to determine the accuracy of three clinical case definitions of influenza for the detection of laboratory-confirmed influenza virus infection during the seven post-pandemic seasons.
Several studies reported no difference in clinical symptoms between patients with influenza type A compared with influenza type B viruses [1, 6] . However, different age groups may be preferentially affected by influenza during any given season depending on the pool of viruses that are circulating, which may result in a different disease burden [6] .
By comparing the frequencies of influenza types A and B virus infections, we found that influenza type B was more commonly detected than influenza type A (H3N2) in patients with SARI aged 15-29 years, and among those with ARDS aged 30-64 years. Further, we found that influenza type A (H3N2) was more frequently registered than reference group; c all influenza A type cases (A(H1N1)pdm09 and A(H3N2), and those that were not subtyped/characterized) *p-value for the comparison with influenza type B patients of the same age group less than 0.05 influenza B in patients with ILI aged 15-29 years, and influenza type A (H1N1) pdm09 was more often detected than influenza type B virus in those with ARDS aged 30-64 years. Although the reasons for the mentioned differences are not completely clear, this result supports the results of previously reported findings, and it should be taken into consideration in future investigation [1, 4, 6] . Our results are in a good agreement with the fact that the interpretation of syndromic surveillance data without information on age may be misleading [13] .
Aiming to detect the maximum number of influenza cases across the three case definitions, SARI was associated with the increasing risk of laboratory-confirmed influenza in all age groups, while the case definition of ILI was positively associated with influenza in patients under 15. Further, the case definition of ARDS had no diagnostic value for the detection of influenza infection. However, when the peak of influenza activity was distinguished by months (December, January, February and March), we found that the case definition of ILI among patients aged 15-14, and case definition of ARDS in patients aged 15-29, provided the most useful diagnostic value of laboratory-confirmed influenza. Although the majority of the confirmed influenza cases with ARDS belonged to patients aged 60 and older (66.4%; 75/113), the proposed case definition of ARDS is most useful for detecting of influenza among younger patients (aged 15-29) suspected of having influenza.
After examining the performance of the international case definitions of ILI commonly used for influenza surveillance among outpatients in France, Casalegno et al. [1] reported that the WHO ILI case definition (fever ≥ 38°C with onset within the last seven days and cough) had the highest positive AUC values in comparison with the CDC ILI (sudden onset of fever ≥ 38°C, with absence of a known cause other than influenza, and at least one of the following symptoms: cough, and sore throat) and the ECDC ILI (sudden onset of at least one among following general symptoms: fever, feverishness, headache, malaise, myalgia, and at least one among respiratory symptoms: cough, sore throat, Evaluation of the diagnostic utility of case definitions to detect influenza virus infection in Vojvodina, Serbia ILI -influenza-like illness; SARI -severe acute respiratory illness; ARDS -acute respiratory distress syndrome; Se -sensitivity; Sp -specificity; AUC -area under curve; CI -confidence interval; NA -not applicable shortness of breath). Our results showed higher AUC value of the WHO ILI case definition than those obtained by Casalegno et al. [1] (AUC = 0.639; 95% CI: 0.619-0.658 vs. AUC = 0.556; 95% CI: 0.547-0.566, respectively). The reason for that may be that Casalegno et al. [1] referred to the overall period, while we estimated the AUC value only for the epidemic period. However, after comparing the results only during influenza seasonal, i.e., epidemic period, higher sensitivity values were observed (93.6% vs. 88.9%), but still lower specificity values (15% vs. 21.3%) than in the cited study [1] . We believe that observed differences could be explained by the fact that the median age of all participants included in the French study was nine years, while the median age of our respondents was 43 years [1] .
As it is known, the variety of other potential co-infecting pathogens among patients aged 0-4 years could be the reason for the lower performance of all case definitions in this age group [14, 15] . We found that the sensitivity value of ILI case definition for patients aged 0-4 months was above 95%, similar to the values of CDC ILI or ECDC ILI case definitions (93%) [1] . However, in line with previously published reports, we found a very low specificity of the proposed case definitions of ILI, which indicates that individuals without influenza infection are likely to be misclassified as false positive patients [1, 16] .
Further, it was observed that the SARI case definition in patients from the youngest age group had the sensitivity above 95%, and specificity about 10%. Results of the study done by Peng et al. [17] , who analyzed data from SARI cases in China (from 2011 to 2013), suggested the association of laboratory-confirmed influenza with increasing age of patients. Interestingly, the prevalence of laboratoryconfirmed influenza among patients with SARI aged 0-4 years was only 5.2% (101/1,944), whereas the prevalence of influenza cases with SARI in the same age group in our research was 18.8% (21/112). Because two different case definitions were tested, those findings were not surprising. A similar study among hospitalized patients in India showed that sensitivity and specificity in patients with SARI were 28% and 84%, respectively [18] . Our results show that the sensitivity and specificity for all patients with SARI were 89.3% and 19.8%. Observed differences can only be interpreted as a result of the implementation of different case definitions used in two studies. For improving the specificity of SARI case definition among our patients younger than five years, it can be useful to implement a more specific case definition, similar to the research cited above [17] .
The importance of the sensitivity and specificity of case definitions varies according to which of the goals have the highest priorities [1, 16, 18] .
Our results show that the applied case definitions of influenza provide a high sensitivity, which supports the goal of early diagnosis and treatment and timely identification of influenza outbreaks. However, if the goal is to increase efficiency in obtaining influenza virus-positive specimens and identify circulating influenza strains while minimizing unnecessary testing, then it is needed to improve the specificity of the proposed case definitions [19, 20, 21] .
CONCLUSION
The proposed case definitions of influenza appeared to be good predictors for laboratory-confirmed influenza, and therefore can be useful for continuous surveillance in order to predict seasonal trends and prepare for a timely response to the influenza outbreak, particularly for the purpose of surveillance in resource-poor laboratory settings.
